Strengths of the National Inpatient Sample
The greatest strength of the NIS is the breadth and longevity of the data captured in the database. The NIS has been maintained under the AHRQ since 1988; it therefore allows studies to trend procedures, as well as associated costs over time. It is an administrative database, including a 20% stratified sample of all discharges from hospitals in the United States. It draws data from all states participating in HCUP, approximately 95% of the U.S. population, which accounts for approximately 8 million hospital stays from more than 100 hospitals. Weighted, it estimates more than 35 million hospitalizations nationally. Data include clinical and nonclinical elements for each hospital stay. Patient demographics include sex, age, race, median household income for zip code, primary and secondary diagnoses, measures of disease severity and comorbidities, procedures performed, and mortality and length of stay. Hospital characteristics include emergency department access, elective versus nonelective admission, and discharge status. Hospital charges include expected payment source and total charges. Total charges include emergency department charges, but exclude professional fees, noncovered charges, and outpatient costs, such as short-term rehabilitation. The NIS includes individuals uncovered or covered by Medicare, Medicaid, and private insurance.
The NIS data sample from a large and diverse population, which is representative of the entire United States. Additionally, it is dynamic and constantly under revision. For example, the database was redesigned in 2012 from collecting all discharges from a specific sample of hospitals to collecting a sample of discharges from all HCUP-participating hospitals. These hospitals are now defined by the statewide data organizations, rather than the American Heart Association annual survey that was previously used. In addition, all hospital identifiers and data elements that were inconsistent across state data collections were removed in 2012. Although this created minor inconsistencies in the data, the AHRQ developed trending weights for data collected from 1993 to 2011. These weights were calculated in the same way as those for the redesigned 2012 NIS, and are used instead of the original NIS discharge weights for trend analysis. All users are instructed to use revised weights to perform analysis starting prior to 2012. Finally, the database is accessible and user friendly. The NIS data are currently available for years 1988 to 2011, but must be purchased, and the cost is unlisted on the Web site. Any individual using the data is required to take an online course and sign an agreement regarding use of the information for research.
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Weaknesses of the National Inpatient Sample
As mentioned earlier, though it has been maintained since 1988, the NIS underwent modifications in 2012, which resulted in inconsistencies in data. Prior to 2012, data consisted of a smaller sample of hospital data. Due to data collection revision, data analysis utilizing dates following 2012 may therefore have inconsistencies, such as discharge classification, which alters analysis in topics trended over time. Studies referenced later use data collected prior to the 2012 modification. Furthermore, as previously discussed, the data managers of the NIS created weights to account for the possible differences in trends over that time, necessitating a well-versed statistician to help analyze the database.
Another relative weakness common to any large database is that the NIS database fails to capture data elements. The database is retrospective and does not include outpatient procedures, clinic follow-up, and associated comorbidities following discharge. Therefore, any data on associated procedural comorbidities are only those reported while the patient is hospitalized. With any database, there is variability in the data captured. The data are maintained by state-collection organizations. Not all states collect the same data; for example, it has been documented that certain states do not include race, among other variables. 1 In addition, errors in coding are common, including undercoding and miscoding of data. Furthermore, certain procedures have lacked codes since the initiation of the database collection. Currently, the database has not been updated to include ICD-10 codes. Finally, the database acquisition incurs a per study cost to end users.
Colorectal Surgery: National Inpatient Sample Literature Review A literature review was completed, identifying articles referenced on the NIS Web site and PubMed page under the topics "colorectal" and "NIS" over the past 10 years. Approximately 60 articles were identified, covering a multitude of topics, including cost of colorectal disease care, colorectal disease and surgical trends, and colorectal comorbidities and outcomes. The following is an exploration of clinical research studies using the NIS database. 
Cost of Colorectal Disease Care
Data contained in the NIS is the most thorough all-payer collection; total hospital charge analysis and insurance status are, therefore, widely studied topics using data from the NIS. After colorectal surgery, higher cost hospital visits have been associated with male gender, Caucasian race, age greater than 40 years, large urban or teaching hospitals, and privately owned hospitals. Ogola and Shafi identified costs were greater with older patients and urban care, while colorectal cancer surgeries in the emergency general surgery population were considered the most expensive interventions, at approximately $22,000 per admission, based on NIS data. 5 Insurance status has also been studied. Medicaid and uninsured patients, especially younger black and Hispanic men, have been identified at a higher risk of any emergent colorectal resection. This, in turn, is associated with increased rate of in-hospital mortality and postoperative complications, longer length of stay, and greater than 250 million dollars of additional expenses. 6, 7 It is important to note that Fry and colleagues at the University of Pennsylvania used the NIS to suggest more costly hospital stays are due to inefficiency, rather than adverse outcomes in hospitals.
8
Colorectal Disease and Surgical Trends
Colorectal Cancer Resection
The burden of colorectal disease over time has been reported frequently using the NIS database. 9,10 Many use the NIS to report on trends in colorectal procedures. One such trend is observed in increases and decreases in rates of proximal and distal colorectal cancer. Myer and colleagues identified that from 1993 to 2009, proximal and distal colorectal carcinoma rates decreased over time and in patients older than 50 years, but increased in younger patients during the same time period (►Fig. 1).
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Trends in colorectal resection for neoplasia following U.S. Preventative Services Task Force (USPSTF) recommendations were identified in those younger than 50 years, combined with lower in-hospital mortality rates (0.9% for patients aged <50 years, 1.4-1.6% for patients aged 50-70 years, and 4.2 to 4.9% for patients >70 years).
12 Acute care surgical interventions were also studied. NIS data suggest colorectal perforations requiring surgical intervention increased from 34.7 to 40.4% over other gastrointestinal sources.
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The rate of colorectal metastasectomy over time was also reported using the NIS. Colorectal cancer was identified as the most common indication for metastasectomy, which increased over the study period (from 2000 to 2011), and was associated with decreased rates of mortality.
14 Others, however, have identified lower rates of resection in black patients, Hispanics, and individuals covered by Medicare.
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Laparoscopy
Since the COST trial, multiple studies have reported specifically on surgical trends and outcomes in laparoscopic versus open The rate of laparoscopic cases converted to open (identified as code v64.41) has been reported between 5 and 16% in the literature using the NIS. 24, 26 Converted cases were more likely to occur in cases involving malignancy or metastatic disease, Crohn's disease, history of prior surgeries, or in emergent surgeries. Factors associated with higher conversion rates were male gender, Native American race, and obesity. 26 Conversions lead to more expensive and longer hospital stays and a greater risk of mortality. 27 Robotic-assisted laparoscopic surgery was also briefly studied using the NIS data. Robotic cases included 2.8% of all colorectal cases, of which the usage of the robot increased over the study period. It was more common in large urban and teaching hospitals, and was most commonly used in rectal cancer patients.
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Comorbidities in Colorectal Patients
Multiple authors have also used the NIS to report on specific comorbidities of patients with colorectal disease. An interesting article by Lieffers and colleagues compared the Charlson and Elixhauser scores of comorbidities to predict survival and outcomes in colorectal cancer patients. The Elixhauser model was superior at predicting morality.
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Most of the following studies, however, use a Charlson comorbidity score. Furthermore, high-risk populations in the NIS have been identified as any individual undergoing emergency surgery, the elderly, or patients with diabetes,
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which could influence the reported outcomes below. Advanced age was a common data point studied as a comorbidity of colorectal disease. Predictive models using NIS data were created to anticipate a population growth of 18%, with a forecasted increase in outpatient colorectal procedures by 21.3%, and inpatient colorectal procedures by 40.6%. 31 Other studies specifically assessed the outcomes in individuals older than 70 years undergoing laparoscopic procedures who were either obese, smokers, anemic, diabetic, or with a history of congestive heart failure, valvular disease, lung, kidney, or liver disease. Of all elective colorectal patients, they identified 32.8% that were considered high risk. High-risk individuals had more than two of the following factors: older than 70 years, obesity, smoking, anemia, congestive heart failure, valvular disease, diabetes mellitus, chronic pulmonary, kidney, and liver disease. These patients had higher mortality, greater hospital charges, and longer hospital stays; these outcomes, however, improved when they underwent laparoscopic procedures.
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The effect of morbid obesity in colorectal disease was also documented, using the NIS database. The incidence of obesity was 5.1%, and was associated with younger, female, and black patients. 33 Concurrently, diabetic patients undergoing colorectal surgery were also identified. Fifteen percent of the study population was diabetic and, interestingly, had a lower mortality. 34 The effectofdepression on colorectal surgery recovery was also reviewed, and was found in 6.95% of the study population.
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Adverse Outcomes after Colorectal Surgery
Postoperative outcomes and complications have been well documented using the NIS database. Specifically, rates of myocardial infarction, acute renal failure, urinary tract complications, deep venous thromboembolism, and surgical site infections have been identified. Lastly, postoperative mortality using the NIS was calculated at 4.5% in colorectal patients (►Table 2).
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Hospital and Surgeon Volume
Since the NIS includes data on claims, we were able to illicit hospital and surgeon volume with associated outcomes, specifically in colorectal cases. Diamant and colleagues most recently evaluated the relationship of hospital volume on in-hospital mortality among patients admitted for diverticulitis. They found that patients at higher volume hospitals were more likely to be admitted emergently and undergo surgery, with expected lower mortality. 41 There has also been a documented shift of colorectal cases from lowvolume centers to high-volume centers. 42, 43 Higher volume hospitals were more likely to discharge patients home; they were also associated with a greater likelihood of discharge to 44 Conversely, disposition in lowvolume hospitals, specifically critical access hospitals, has a greater proportion of hospital transfers.
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Another important topic that was elicited from the NIS database is the effect of specialized training on colorectal patient care. First, surgeon specialization has increased over time. 46 Rea and colleagues determined the difference in colorectal specialty and nonspecialty surgeons. They defined specialty surgeons as those coding over 75% of their cases as colorectal procedures. Specialized surgeons composed of 4.6% of surgeons and performed 17% of operations. They identified lower mortality and decreased length of stay with specialized surgeons, while hospital costs were similar between the two groups. 47 Teaching hospitals, which have specialized surgeons, were assessed using the NIS. Teaching hospitals had fewer surgical resections, with increased odds of death, increased length of stay, and increased in total charges. Abbreviations: CHF, congestive heart failure; HTN, hypertension; LOS, length of stay; NIS, National Inpatient Sample; SNF, skilled nursing facility. 
Conclusion
A broad variety and large number of studies have been published using the NIS data, which may play an influential role in the access and practice of colorectal surgery. The overall strengths of NIS include accessibility, patient diversity, and charge/cost availability, while the weaknesses include variability in data and need for statistician for data requisition. It is important to note that statistical relationships do not indicate direct causations for outcomes. It is important, therefore, to remain critical in our use and assessment of these administrative database-based clinical research studies.
